Introduction {#s0005}
============

Pandemics are large-scale infectious disease outbreaks that can increase morbidity and mortality in a wide geographic area and cause significant economic, social and political disruption. Evidence suggests that the likelihood of a pandemic has increased in the last century due to increased global travel and integration, urbanization, changes in land use and more use of the natural environment. \[[@bb0005],[@bb0010]\] Crucial points to struggle with a pandemic are to identify and limit the outbreaks that can lead to a pandemic and to maintain an adequate health care system \[[@bb0015]\].

The best known pandemics in the last century are Spanish flu in 1918, Asian flu in 1957, Hong Kong flu in 1968, and swine flu in 2009. Moreover, severe acute respiratory failure syndrome (SARS) in 2003, influenza (H1N1) in 2009, Middle East respiratory syndrome coronavirus (MERS-CoV) in 2012, Ebola in 2014 and Zika virus in 2016 adversely affected many people worldwide and caused death of many people \[[@bb0020]\].

Coronavirus disease 2019 (COVID-19) is an infectious respiratory disease caused by a new corona virus, SARS - COV - 2, which started in December 2019 in Wuhan, China, \[[@bb0020]\] Currently, it is a pandemic and increases distress, panic and anxiety in all humanbeing beside those exposed to the virus \[[@bb0025]\].

The recent reports have revealed that respiratory, neurological and cardiovascular systems are affected during the course of the SARS - COV - 2 infection \[[@bb0030]\]. Fragmented QRS (FQRS) is a depolarization disorder defined by the presence of an additional R wave (R′) or the presence of a notch at the end of the R or S wave or presence of more than one R′ in at least two consecutive leads corresponding to the areas fed by the major coronary arteries. \[[@bb0035]\] In a study, evaluating patients with coronary artery disease (CAD), those with FQRS had significantly higher all cause mortality and higher frequency of adverse cardiovascular outcomes (myocardial infarction, sudden cardiac death, revascularization) \[[@bb0040]\].

The aim of this study is to predict the course of the disease with the help of FQRS, a well established predictor of future cardiovascular events, during the ongoing struggle against SARS - COV - 2 all over the world and in our country;

Material and methods {#s0010}
====================

In this retrospective study; 125 consecutive patients over 20 years of age who were hospitalized for SARS - COV - 2 between 20th March and 18th May 2020 were included. Real-time reverse transcription polymerase chain reaction assay (RT-PCR) molecular method was applied for RNA analysis of SARS-CoV-2 virus isolated from the nasopharyngeal swab samples. The RT-PCR assay was performed using a SARS-CoV-2 (2019-nCoV) qPCR Detection Kit according to the manufacturer\'s protocol (Bioeksen R&D Technologies Co Ltd).

Patients with cardiac pacemaker, diabetes mellitus, coronary artery disease (CAD), hypertension, congestive heart failure, severe heart valve disease or severe electrolyte inbalance were not enrolled in the study. Those with suspicious findings for CAD and hypertension on ECG were also excluded.

Data of patients with SARS - COV - 2 were investigated retrospectively. Baseline demographical characteristics (age, gender, etc.) of the patients were recorded. Hospitalization in the regular inpatient ward and/or in the intensive care unit were seperately analysed. Conventional blood sample parameters including hemoglobin, white blood cell, neutrophil, lymphocyte, monocyte, platelet, alanine aminotransferase, aspartate aminotransferase, creatinin, sodium, potassium, troponin, ferritin, D-dimer and CRP levels were also recorded.

Electrocardiograms of the patients were taken using a conventional 12 channel ECG device at a 25 mm/s speed and 10 mm/mV amplitude in supine position. (Guangdong Biolight Meditech Co.) FQRS was described as notching in the R or S wave, RSR\' pattern or multiple R\' in at least two consecutive leads corresponding to the areas fed by the major coronary arteries \[[@bb0035]\]. The duration of QRS and the presence of FQRS were evaluated by two separate cardiologists who were not aware of the clinical information of the patients and study design.

The patients were devided into two groups as FQRS positive and FQRS negative and the data of the patients were compared with each other. Moreover, the frequency of FQRS was compared between the patients in the regular inpatient ward and those in the intensive care unit.

This retrospective study was approved by the Republic of Turkey Ministry of Health (No. 2020-05-06T23_02_55) as well as the local ethical committee.

Statistical analysis {#s0015}
--------------------

In all statistical analysis SPSS 22.0 Statistical Package Program for Windows (SPSS Inc., Chicago, IL,USA) was used. In order to test normality of distribution, Kolmogorov-Smirnov test was used. The numeric variables were expressed as mean ± SD while the categorical variables were expressed as percentage. Student --*t*-test or Mann Whitney *U* test was used to test the difference of the numeric variables between the groups. In order to test the difference of the categorical variables between the groups, Chi-square test was used. Point--biserial analysis was applied to evaluate the correlation between the fragmented QRS positivity, CRP and troponin levels. Linear regression analysis was performed to evaluate independent predictors of fQRS positivity. A *p* value of \<0.05 was accepted as statistically significant.

Results {#s0020}
=======

FQRS was found in 24% of patients who had SARS-COV-2. There was no significant difference between FQRS positive and negative groups in terms of age and gender. Heart rate was higher in the FQRS positive group. C-reactive protein (7.25 ± 6.65 mg/dl vs. 4.80 ± 4.48 mg/dl; *p* = .02) levels were also significantly higher in the FQRS positive group ([Table 1](#t0005){ref-type="table"} ).Table 1Comparison of demographical and biochemical parameters between fragmented QRS (+) and fragmented QRS (−) groups.Table 1Fragmented QRS*P* valuePositiveNegative(*n* = 30)(*n* = 95)Age, years67.73 ± 18.3969.67 ± 15.440.56Gender, male, n (%)13 (43.3)50 (52,63)0.40Heart rate, bpm93.8 ± 19.5985.27 ± 19.23***0.03***Hemoglobin, g/dl12.38 ± 1.9412.18 ± 2.470.72White blood cell, 10^3^ μL10.39 ± 6.6310.84 ± 6.580.77Neutrophil, 10^3^ μL8.16 ± 6.498.11 ± 6.110.97Lymphocyte, 10^3^ μL1.53 ± 0.771.60 ± 1.180.81Monocyte, 10^3^ μL0.77 ± 0.380.71 ± 0.360.53Platelet, 10^3^ μL240.83 ± 75.50249.47 ± 97.060.69Alanine aminotransferase, IU/l69.14 ± 70.1933.29 ± 31.540.09Creatinin mg/dl1.50 ± 1.251.51 ± 1.980.97Sodium, mEq/L137.7 ± 6.31135.94 ± 4.190.46Potassium, mmol/L4.19 ± 0.474.52 ± 1.490.58Troponin0.92 ± 2.530.94 ± 3.790.98Ferritin71.5 ± 24.74347.0 ± 222.030.22D-dimer1.76 ± 2.531.66 ± 2.450.94CRP, mg/dl7.25 ± 6.654.80 ± 4.48***0.02***QRS94.27 ± 9.2297.42 ± 22.400.45[^1]

The frequency of FQRS was similar when the patients in the inpatient ward were compared with those in the intensive care unit ([Table 2](#t0010){ref-type="table"} ).Table 2Comparision of the frequency of FQRS between the patients in the inpatient ward and in the intensive care unit.Table 2Fragmented QRSP valuePositiveNegative(*n* = 30)(*n* = 95)Inpatient ward13 (%43.3)44 (46.31)0.77Intensive care unit17 (%56.7)51 (53.69)

The requirement for intensive care unit incresed with increasing levels of troponin in patients with SARS-COV-2 (*p* \< .000, [Table 3](#t0015){ref-type="table"} ). Moreover, a significant positive correlation was detected between serum CRP levels,heart rate and frequency of FQRS in patients with SARS-COV-2 (*r* = 0.204, *p* = .024, *r* = 0.187 *p* = .029).Table 3Comparison of troponin levels between the patients in the inpatient ward and in the intensive care unit.Table 3Level of troponinP valueLowHigh(*n* = 88)(*n* = 29)In service53 (%60.3)4 (13.8)***0.000***In intensive care unit35 (%39.7)25 (86.2)

Lineer regression analyses revealed that serum CRP levels and heart rate were the independent predictors of presence of FQRS ([Table 4](#t0020){ref-type="table"} ).Table 4Univariate analysis and independent predictors of fragmented QRS in multiple logistic regression analysis.Table 4Univariate analysisMultivariate analysisrpB coefficient95% CI*p* valueAge, years−0,0520,56−0,0150,95810130,28Heart rate, bpm0,187***0,037***0,02910041056***0,024***CRP, mg/dl0,204***0,024***0,09410111193***0,026***Troponin−0,0020,98−0,0520,81511060,50[^2]

Discussion {#s0025}
==========

Our study results revealed that frequency of FQRS is significantly higher in petients with SARS - COV - 2. In patients with FQRS, serum CRP levels are significantly higher and there is a positive correlation between frequency of FQRS and serum CRP levels. In the light of these data, it can be speculated that SARS - COV - 2 patients with FQRS are exposed to more inflammation. Moreover, high frequency of fQRS in SARS - COV - 2 patients may be a predictor of future adverse cardiovascular outcomes.

The new coronavirus SARS - COV - 2 outbreak, first reported on December 8th 2019 in Hubei province of China, was adopted as a pandemic by the World Health Organization (WHO) on 11th March 2020. Based on the review of available data in public databases, the risk of infection and mortality have been found to be increased in males and older individuals \[[@bb0030]\].

In addition to pulmonary involvement in the form of interstitial pneumonia of varying degrees, the worst scenario due to this new identified virus is development of multiorgan failure. The cardiovascular (CV) system appears to have interactions with the SARS - COV - 2. Recent reports revealed that signs of myocardial damage were found in 20--40% of the patients presented with cardiac chest pain, fulminant heart failure, cardiac arrhythmias and cardiac arrest. \[[@bb0030]\]

Severe SARS - COV - 2 is associated with systematic inflammation, pro-inflammatory cytokine storm and sepsis leading to multiorgan failure and death \[[@bb0045]\]. SARS - COV - 2 is associated with a predisposition to cardiac arrhythmia secondary to metabolic dysfunction, myocardial inflammation and activation of the sympathetic nervous system \[[@bb0050]\]. Following Acute Respiratory Distress Syndrome (ARDS), arrhythmia is the second most serious complication which was detected in 16.7% of the patients. Arrhythmia was observed in 7% of the patients who did not require ICU treatment and in 44% of cases admitted to ICU \[[@bb0055]\]. The most common types of arrhthmia seen in the patients with SARS - COV - 2 are atrial fibrillation, conduction block, ventricular tachycardia and ventricular fibrillation.

FQRS is a depolarization disorder that can be easily detected from a routine ECG recording. It represents the conduction delay caused by fibrotic tissue in the myocardium \[[@bb0035]\]. The fibrotic tissue increases the distance required by the electrical impulse to travel, slows the conduction velocity and ultimately causes inhomogeneous ventricular activation. This results in notching of the QRS complex in ECG \[[@bb0060]\]. It has been shown that FQRS detected in superficial ECGs of individuals with coronary artery disease or suspected coronary artery disease is associated with myocardial scar. In fact, presence of FQRS is more sensitive and has higher negative predictive value than Q wave in detecting scar tissue \[[@bb0065]\]. FQRS is also an independent marker for arrhythmic events and mortality in patients with CAD \[[@bb0035]\]. Biochemical, echocardiographic and radiological methods have been described in detecting myocardial fibrosis, but these are mostly sophisticated and expensive methods \[[@bb0070]\]. A recent study showed that FQRS was useful in predicting scar areas detected by magnetic resonans imaging \[[@bb0075]\]. FQRS can be easily detected from routine ECG recordings and does not require special equipment and training \[[@bb0080]\].

Although the frequency of FQRS differs in different studies; in a prospective study, routine 12‑lead resting ECGs of 1500 consecutive healthy adults (707 males, age \[38 ± 12\] years) were screened and 5.1% (76) were found to have FQRS \[[@bb0085]\]. In our study, this rate was 24.2% in patients with SARS - COV - 2. The higher frequency of FQRS in patients SARS - COV - 2 may be a predictor of arrhythmic events and mortality. Moreover, a number of studies have shown that cardiac complications, including fulminant myocarditis, are potential consequences of SARS-CoV-2 infection. Heart failure was reported in 23% of SARS - COV - 2 patients in a recent report from China. In the subgroup analysis, frequency of heart failure was 52% and 12% in the victims and survivors, respectively \[[@bb0090]\]. In our study, we found that sinus tachycardia was more frequent and was an independent predictor of FQRS. Increased heart rate in these patients may be a sign of subtle myocardial systolic dysfunction.

Serum creatine kinase (CK), lactate dehydrogenase (LDH) and C-reactive protein (CRP) levels are increased in most of the patients hospitalized for SARS S COV - 2 \[[@bb0095]\]. Serum CRP levels positively correlate with lung lesions in the early stage of SARS - COV - 2 and may reflect the severity of the disease \[[@bb0100]\]. Moreover, it has been shown that in patients with severe SARS - COV 2, CRP levels increase significantly even before detection of the lung lesions in computerized tomography (CT) \[[@bb0105]\]. These findings demonstrate the significance of CRP levels in patients with SARS - COV - 2. In our study, high levels of CRP and correlation between CRP levels and FQRS suggest that myocardial exposure may also be associated with inflammation.

Although exact mechanism for the effects of SARS - COV - 2 on the cardiovascular system is not known, various mechanisms associated with other viral diseases can also apply to the patients with SARS - COV - 2. In other viral diseases, patients with heart failure have an increased risk of decompensation. Moreover, viral diseases can potentially deteriorate atherosclerotic plaques with systemic inflammatory responses \[[@bb0110]\]. In the SARS and MERS-CoV epidemics, early reports revealed acute myocardial infarction in almost two out of five deaths, \[[@bb0115],[@bb0120]\]. Considering the possibility of cardiac involvement in patients with SARS - COV - 2, presence of FQRS can be used to predict advers cardiovascular events.

Serum troponin levels were found to be increased in 8--12% of the patients with SARS - COV - 2. In severe forms of SARS - COV - 2 infection, troponin levels have significantly increased compared to milder disease forms \[[@bb0125]\]. In our study, serum troponin levels were also significantly increased in patients in the intensive care unit. However, we were not able to determine a positive correlation between FQRS and troponin levels.

Limited number of patients and lack of echocardiographic evaluation can be considered as limitations of our study. On the other hand, to the best of our knowledge, this is the first study to evaluate the relationship between serum levels of CRP and frequency of FQRS in patients with SARS-COV-2.

Consequently, FQRS is more frequently seen in patients with SARS - COV - 2. There is a positive correlation between frequency of FQRS and serum CRP levels. FQRS can be used to predict increased inflammation and adverse cardiovascular events.
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[^1]: Data are given as mean ± SD, n (%), **CRP**: C-reactive protein**,**

[^2]: **CRP**: C-reactive protein.
